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The PPR is specified by members of two major transcription factors, the
Six family and their cofactors, Eya family. Recent evidence suggests that
the convergence of multiple activities of signaling molecules, such as
FGF, BMP, and WNT is required to induce expression of transcription
factors encoded by Six1/2, Six4/5, and Eya genes, emphasizing that
they are the earliest markers of PPR fate in Xenopus, zebrafish, and
chick. In mice, however, little is known about the region of PPR in
relation to that of neural crest cells, and the target genes of Six and Eya
in the PPR. Here we examined the expression pattern of neural plate,
neural crest, PPR, and epidermis marker genes, such as Otx1, Otx2,
Msx1, AP2, Snail, Slug, Dlx5, Zic1, and Pax6, together with Six1 as the
placodal marker. We found that the expression patterns of several
genes are conserved between mouse and Xenopus, but others are not.
The expression of these genes is also examined by Six1 and Six1/Six4
knockout embryos. Implication of these results will be discussed.
doi:10.1016/j.ydbio.2009.05.271
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Comparative analysis of SM50 and other genes required for
development of the larval skeleton in sea urchins
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Our lab utilizes the sea urchin as a model system to explore the
functional consequence of changes in genes and their cis-regulatory
elements with regard to protein-binding affinity, patterns of gene
expression in the embryo, and/or phenotype. In particular, we are
analyzing genes that are required for development of the larval
skeleton in the sea urchin. We expect that changes in their
transcriptional regulation may be responsible for several differences
in the origin and behavior of cells that give rise to the larval skeleton
and its morphology among different species of sea urchins. During
the past few years, our lab has been investigating the functional
significance of variation in the cis-regulatory region of SM50 within
the purple urchin, Strongylocentrotus purpuratus. In this study, we
have begun to investigate the functional significance of similarities
and differences in the cis-regulatory region of SM50 among several
closely related species. In particular, we have identified a ∼100 bp
region that is well conserved between S. purpuratus and the white
urchin, Lytechinus variegatus. We are using site-directed mutagenesis
to explore the role of this evolutionarily conserved region and
putative cis-regulatory elements that occur within it. In addition, we
have begun to extent our work to other genes as well as more
distantly related species such as the pencil urchin, Eucidaris
tribuloides. We have isolated a few genes including Erg from E.
tribuloides. We expect that this work will eventually provide us with
insight into the molecular basis of diversity.
doi:10.1016/j.ydbio.2009.05.272
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Mesenchymal regulation of vascular invasion and matrix
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With the goal of devising new treatments for skeletal disease and
injury, there is much need to discover mechanisms through which
mesenchyme makes bone. Many studies have pinpointed molecular
factors that induce the osteogenic differentiation of mesenchyme in
vitro, but given that a clinical objective is to engineer mesenchyme for
applications in vivo, more work is required to identify critical inter-
actions between osteogenicmesenchyme and surrounding tissues.We
investigate the extent to which mesenchyme regulates vascular
invasion and matrix remodeling. In the developing jaws and face, all
bone comes from neural crest mesenchyme (NCM) whereas angio-
blasts and osteoclasts arise from mesoderm. We take advantage of
these distinct embryonic origins and transplant faster developing quail
NCM into slower developing duck embryos. Previously, using this
quail-duck chimeric system, we have shown that NCMmakes bone by
executing autonomous molecular and histogenic programs. Here, we
assess the effects of NCMonhost-derived blood vessels and osteoclasts
using gene expression, histology, and whole-mount staining analyses.
We find that quail donor-NCM induces premature vascular invasion by
the duck host during ossification but not at earlier stages. NCM also
influences osteoclast activity in a manner that has direct implications
for species-specific differences in the size of skeletal elements. We
conclude thatNCMplays an important role in synchronizing the timing
of vascular invasion and matrix remodeling.
Funded by CIHR Fellowship to AJ; NIDCR R03 DE014795-01 and
R01 DE016402-01; and March of Dimes 5-FY04-26 to RAS.
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Mesenchymal regulation of mineralization and bone mineral
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Proper bone mineral density (BMD) is crucial for skeletal function.
Loss of BMD can lead to osteoporosis and fractures. From an
evolutionary perspective, BMD helps couple morphology to the
environment. For example, in aquatic mammals a higher BMD
enables negative buoyancy during diving. BMD is governed by
systemic and local factors throughout the life of an organism. On a
cellular level, BMD is affected by osteoblasts, which secrete bone
matrix that then mineralizes. During craniofacial development,
osteoblasts are derived from neural crest mesenchyme (NCM). We
use an avian chimeric system that exploits differences in morphology
and maturation rates between quail and duck to investigate the role
of NCM in establishing BMD. We unilaterally transplant quail NCM
into duck, which maintains the host side as an internal control, and
we analyze mineralization at the molecular and histological levels.
We assess mineral deposition rates in quail, duck, and chimeric
embryos by injecting fluorescent labels and by whole-mount
staining. We also measure BMD using DEXA and MicroCT. We find
that duck have a slower rate and longer period of mineralization
correlated with higher BMD, which is significant since duck use their
bills for filter feeding and for diving. In chimeras, quail donor NCM
alters the rate of mineral deposition and BMD. Thus, species-specific
differences in BMD have likely evolved through NCM-mediated
changes in molecular programs underlying mineralization.
Funded by NIDCR R03 DE014795-01 and R01DE016402-01; and
March of Dimes 5-FY04-26 to RAS.
doi:10.1016/j.ydbio.2009.05.274
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The mechanisms regulating morphogenesis, homeostasis, and
repair of the vertebrate skeleton remain unclear. Zebrafish are a well-
suited model for investigating skeletal biology. They possess a classic
vertebrate skeleton including endochondral and membranous ele-
ments and they have the three signature skeletal cell types
(osteoblasts, osteoclasts and chondrocytes). Therefore, zebrafish
mutants that alter skeletal morphology and physiology may provide
insight into the fundamental mechanisms involved in human skeletal
development. The rapunzel mutant acts globally, resulting in
profound overgrowth of the axial and appendicular skeleton. We
mapped rpz to a 46 kb critical interval on chromosome 16 that was
found to contain a family of five novel, paralogous genes. I examined
the coding sequences of all five paralogs and found that one gene,
rapunzel (rpz), contained a missense mutation resulting in a non-
conserved amino acid substitution. Using the embryonic phenotype,
we show that knockdown of rpz completely rescues the homozygous
embryonic phenotype, demonstrating that rpz is a gain of function
allele. This evidence provides the first gene identification for a
mutation affecting development of both the fin ray and the axial
skeleton. We are exploiting the rpzmutant to obtain new information
regarding skeletal development and homeostasis. Using bone
morphometry, in situ hybridization and tissue culture experiments,
we will learn more about how rpz is regulating skeletogenesis.
Understanding these fundamental aspects of skeletal biology will
offer broad insight into skeletal disorders.
doi:10.1016/j.ydbio.2009.05.275
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Development of cranial foramina in the chick embryo
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Cranial foramina are holes in the skull allowing the entry/exit of
blood vessels and nerves. They remain open once formed to make a
good model of bone inhibition. Malformation and closure of cranial
foramina lead to raised intracranial pressure. Blindness, deafness and
facial paralysis can occur if cranial foramina close. We have established
nomenclature and locations of chick embryo cranial foramina. Cellular
appearance of cranial foramina and structure of the blood vessels and
nerves within them have been investigated, using immunohistochem-
ical techniques. In-situ hybridisation analysis of expression of skeletal
markers has indicated that mesenchyme adjacent to the blood vessels
and nerves initially embarks upon the skeletogenic differentiation fate
but this halts and the mesenchyme forms a “zone of inhibition” around
these structures. Role of nerves in cranial foramina development is
investigated via ablation of hypoglossal and optic nerves. Neurofila-
ment antibody staining has confirmed the absence of these nerves
after ablation and alcian blue/alizarin red stained skeletal preparations
demonstrate the effect on resulting cranial foramina. Presence of
antichondrogenic/antiosteogenic signals within cranial foramina is
being investigated. C type natriuretic peptide (CNP) is known to bind
to its receptor GC-B to cause chondrogenesis. If CNP binds to the
clearance receptor (NPR-C), inhibition of chondrogenesis occurs.
Expression of CNP and NPR-C is being studied in cranial foramina.
Initial results suggest a role for CNP signalling in development of
cranial foramina.
Funded by the Anatomical Society of Great Britain and Ireland.
doi:10.1016/j.ydbio.2009.05.276
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Mechanical and mesenchymal mechanisms of
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The evolutionary presence or absence of secondary cartilage
reflects species-specific differences in functional anatomy. Secondary
cartilage arises in the head skeleton at articulations, sutures, and
muscle attachments after formation of the primary cartilaginous
skeleton and subsequent to osteogenesis. To investigate mechanisms
that regulate secondary cartilage formation, we conducted experi-
ments using quail and duck embryos, which exhibit distinct
craniofacial morphologies. Quail have small pointed beaks that peck
at seed, while duck have large wide bills that filter heavy mud. In
duck, jaw muscles attach to a pronounced secondary cartilage that is
absent in quail. Neural crest mesenchyme (NCM), which gives rise to
all skeletal and connective tissues of the jaw, contains information
for species-specific pattern. We hypothesize that NCM-dependent
mechanisms also generate species-specific differences in the local
mechanical environment that can either promote or inhibit secon-
dary chondrogenesis. To test our hypothesis we employ two
approaches. First, we alter the mechanical environment in embryonic
duck by paralyzing skeletal muscles, and by inhibiting stretch-
activated channels. Second, we re-pattern the duck jaw complex to
resemble that found in quail by transplanting NCM. Both approaches
inhibit secondary cartilage, as evidenced by 3D reconstructions,
histological analyses, and changes in expression of genes associated
with musculoskeletal development including sox9, col2a1, runx2,
fgfr2, and bmp4. We conclude that NCM controls molecular pathways
underlying musculoskeletal patterning, which in turn establishes
mechanical forces necessary to induce secondary cartilage.
doi:10.1016/j.ydbio.2009.05.277
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Dermal skeleton (bony fin rays, lepidotrichia) is a major
component of fin skeleton in both paired and median fins of bony
fish. Recent developmental evidence suggests that fin patterning
mechanisms might originate in median fins, whereas fossil evidence
suggests that dermal skeleton formation preceded endoskeleton in
paired fins. This raises an intriguing possibility that dermal skeleton-
generative mesenchyme may play an important role in fin develop-
ment. However, due to the lack of homology with tetrapod limb
endoskeleton, the developmental origin of dermal skeleton in bony
fish fins is largely overlooked. Here we present the zebrafish mutant
Lewis, which exhibits ectopic dermal skeleton formation in the
ventral midline fin fold resulting in a novel fin. Isolated from an X-ray
mutagenesis screen, Lewis homozygous mutants possess an ectopic
fin between two pelvic fins. We observed that the pre-anal fin fold,
which normally degenerates in wild type individuals, appears to be
invaded by mesenchymal cells and transformed into a midline-
positioned fin with paired fin morphology in the Lewis mutant. We
further demonstrate that the dermal skeleton of the ectopic fin is
derived from the invasive mesenchymal cells and is patterned
Abstracts / Developmental Biology 331 (2009) 456–464460
